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7KHQHHGWRPLQLPL]HFRVWDVVRFLDWHGZLWKPRGHUQ ÀXLGKDQGOLQJDQGSURSXOVLRQHTXLSPHQWGHPDQGVLQFUHDVLQJ





EUDVVHVRIIHUFRUURVLRQUHVLVWDQFHDQGDUHDYDLODEOH LQGLIIHUHQW IRUPV$PRQJGLIIHUHQW IRUPVRIFRUURVLRQ LWZDV
SUHGLFWHGWKDWWKHVWHDG\VWDWHFRUURVLRQUDWHVIRUQDYDOEUDVVDUHLQWKHRUGHURI PP\HDULQVHDZDWHUFRQGLWLRQV
$O)DGKOL HW DO  5HFHQW VWXGLHV LQGLFDWHV WKDW WKH FRUURVLRQ DQG LWV UHODWHG SUREOHPV FDQ EH UHVROYHG E\





SURSHUWLHV 7KH PLFURVWUXFWXUH RI WKH VSUD\HG FRDWLQJV DQG WKHLU SURSHUWLHV GHSHQG VWURQJO\ RQ WKH SURFHVV
SDUDPHWHUVRFFXUULQJGXULQJSDUWLFOHIOLJKW $ZDQG7DQ
,WLV QHFHVVLWDWH XQGHUVWDQGLQJ WKH LQWHUDFWLRQEHWZHHQ SULQFLSDOSURFHVVSDUDPHWHUVOLNHR[\JHQIORZUDWH/3*
IORZ UDWH SRZGHU IHHG UDWH DQG VSUD\ GLVWDQFH ZKLFK KDYH VLJQLILFDQW LQIOXHQFH RQ +92) VSUD\HG FRDWLQJV WR
DFKLHYHEHWWHUTXDOLWLHVRIFRDWLQJ7KH YDULDWLRQVLQKDUGQHVVJUHDWO\DIIHFWWKHSURSHUWLHVRIWKHGHSRVLWDQGLQWKH
FDVHRIERQGVWUHQJWKZHDUHURVLRQDQGFRUURVLRQ7KHUHVSRQVHVXUIDFHPHWKRGRORJ\560 LV XVHG WR GHYHORS
UHODWLRQVKLS EHWZHHQVSUD\ SDUDPHWHUVLQWKLVVWXG\560LVDFROOHFWLRQRIPDWKHPDWLFDODQGVWDWLVWLFDOWHFKQLTXHV
WKDW DUH XVHIXO IRU GHVLJQLQJ D VHW RI H[SHULPHQWV GHYHORSLQJ D PDWKHPDWLFDO PRGHO DQG H[SUHVVLQJ WKH YDOXHV
JUDSKLFDOO\ 6DKD HWDO
 ([SHULPHQWDO3URFHGXUH
3RZGHUXVHG LQ WKLVLQYHVWLJDWLRQZDVFRPPHUFLDO:&&R&U DJJORPHUDWHGDQGVLQWHUHGZLWKDJUDLQVL]HRI
±  P 7KHFKHPLFDOFRPSRVLWLRQRI FRDWLQJPDWHULDO DQG EDVH PDWHULDO DUH VKRZQLQ7DEOH7KHSRZGHU
H[KLELWVD JOREXODU VKDSH IURPJDVDWRPL]DWLRQDV VHHQ LQ )LJ  D7KHPLFURVWUXFWXUHRI1DYDO%UDVV 7XWKLOO
 LVVKRZQLQWKH )LJ E
)LJD 2SWLFDOPLFURJUDSKRI:&&R&USRZGHU E2SWLFDOPLFURJUDSKRI 1DYDO%UDVV
6XEVWUDWHVZLWK WKHGLPHQVLRQRI PPîPPîPPZHUH JULWEODVWHGRQRQH VLGH WR FOHDQ DQG URXJKHQ WKH
VXUIDFH$FWLYDWLRQE\DEUDVLYHJULWEODVWLQJ ZDV GRQH WR LQFUHDVH LQ VXUIDFH URXJKQHVV DQG WKH VXUIDFH URXJKQHVV
ZDV PHDVXUHG XVLQJ WKH VXUIDFH URXJKQHVV WHVWHU0DNH 0LWXWR\R -DSDQ 0RGHO6XUIWHVW  DQG WKH UHFRUGHG
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7KH KDUGQHVV RI WKH :&&R&U FRDWLQJV 9LFNHUV VFDOH ZDV PHDVXUHG XVLQJ D 0LFURKDUGQHVV WHVWHU
6KLPDG]X-DSDQ0RGHO+097 XVLQJDQLQGHQWDWLRQORDGRI JZLWKDGZHOOWLPHRI VLQGHQWDWLRQVSHU
VDPSOHSHUIRUPHGLQWKHPLGGOH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 )LQGLQJWKHZRUNLQJOLPLWVRI+92)VSUD\SDUDPHWHUV
)URP WKH OLWHUDWXUH WKH SUHGRPLQDQW IDFWRUV KDYLQJ VLJQLILFDQW LQIOXHQFH RQ WKH SHUIRUPDQFH RI +92) VSUD\
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H[SHULPHQWDO UXQV ZDV NN[ ZKHUH N LV WKH QXPEHU RI YDULDEOHV DQG [LV WKH QXPEHU RI UHSHWLWLRQV RI WKH
H[SHULPHQWV DW WKH FHQWHU SRLQW7KXV IRU WKLV GHVLJQ D WRWDO RI  H[SHULPHQWVZHUHSHUIRUPHGDFFRUGLQJ WR WKH
FHQWUDO FRPSRVLWH GHVLJQ 7KH UHODWLRQVKLS EHWZHHQ WKH YDULDEOHV DQG WKH UHVSRQVH ZDV FDOFXODWHG E\ WKH VHFRQG
RUGHUSRO\QRPLDOHTXDWLRQ
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:KHUH<LVWKHSUHGLFWHGUHVSRQVH;L;L;M DUHYDULDEOHVLQFRGHGYDOXHVȕLVWKHFRQVWDQWȕLLVOLQHDUHIIHFW
ȕLL LVVTXDUHGHIIHFWDQGȕLM LVLQWHUDFWLRQHIIHFW7KHDQDO\VLVRIUHVXOWVZDVSHUIRUPHGZLWKVWDWLVWLFDODQGJUDSKLFDO
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7KH DGHTXDF\ RI WKH GHYHORSHGPRGHO ZDV WHVWHG XVLQJ WKH DQDO\VLV RI YDULDQFH $129$ WHFKQLTXH DQG WKH
UHVXOWVRIVHFRQGRUGHUUHVSRQVHVXUIDFHPRGHOV ZHUH ILWWHGLQWKHIRUPRIDQDO\VLVRIYDULDQFH$129$DUHJLYHQ
LQ7DEOH,QWKLVLQYHVWLJDWLRQWKHGHVLUHGOHYHORIFRQILGHQFHZDVFRQVLGHUHGWREH7KHUHODWLRQVKLSPD\EH
FRQVLGHUHG WREHDGHTXDWHSURYLGHG WKDW D WKHFDOFXODWHGYDOXHRI WKH)UDWLRRI WKHPRGHOGHYHORSHGVKRXOGQRW
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)RUKDUGQHVV UHVSRQVH2/)62)26/)/6DQG )6DUHVLJQLILFDQWPRGHOWHUPV9DOXHVJUHDWHUWKDQ
LQGLFDWH WKDW PRGHO WHUPV DUH QRW VLJQLILFDQW 7KH ILQDO HPSLULFDO UHODWLRQVKLS ZDV FRQVWUXFWHG XVLQJ RQO\ WKHVH
FRHIILFLHQWVDQGWKHGHYHORSHGILQDOHPSLULFDOUHODWLRQVKLSLVJLYHQEHORZ
+DUGQHVV +Y 2/  )  6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26/) 
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7KH )LVKHU¶V ) WHVW ZLWK D YHU\ ORZ SUREDELOLW\ YDOXH 3 PRGHO ! )    GHPRQVWUDWHV D YHU\ KLJK
VLJQLILFDQFHIRUWKHUHJUHVVLRQPRGHO7KHJRRGQHVVRIILWRIWKHPRGHOZDVFKHFNHGE\WKHGHWHUPLQDWLRQFRHIILFLHQW
57KH FRHIILFLHQW RI GHWHUPLQDWLRQ 5ZDV FDOFXODWHG WREHIRU UHVSRQVH7KLV LPSOLHV WKDW RI
H[SHULPHQWDOGDWDFRQILUPVWKHFRPSDWLELOLW\ZLWKWKHGDWDSUHGLFWHGE\WKHPRGHODQGWKHPRGHOGRHVQRWH[SODLQ
RQO\RI WKH WRWDOYDULDWLRQV7KH5 YDOXHLVDOZD\VEHWZHHQDQGDQGLWVYDOXHLQGLFDWHVDSWQHVVRIWKH
PRGHO )RU D JRRG VWDWLVWLFDO PRGHO 5 YDOXH VKRXOG EH FORVH WR  7KH DGMXVWHG 5 YDOXH UHFRQVWUXFWV WKH
H[SUHVVLRQZLWK WKHVLJQLILFDQW WHUPV7KHYDOXHRI WKHDGMXVWHGGHWHUPLQDWLRQFRHIILFLHQW $GM5  LVDOVR
KLJK WR DGYRFDWH IRU D KLJK VLJQLILFDQFH RI WKHPRGHO 7KH3UHG 5 LV  WKDW LPSOLHV WKDW WKHPRGHO FRXOG
H[SODLQRIWKHYDULDELOLW\LQSUHGLFWLQJQHZREVHUYDWLRQV7KLV 3UHG5YDOXHKDV UHDVRQDEOHDJUHHPHQWZLWK
WKH$GM5 RI7KHYDOXHRIFRHIILFLHQWRIYDULDWLRQLVDOVRORZDV LQGLFDWH WKDWWKHGHYLDWLRQVEHWZHHQ
H[SHULPHQWDODQGSUHGLFWHGYDOXHVDUHORZ$GHTSUHFLVLRQPHDVXUHVWKHVLJQDOWRQRLVHUDWLR$UDWLRJUHDWHUWKDQ
LVGHVLUDEOH,QWKLV LQYHVWLJDWLRQWKHUDWLRLVZKLFKLQGLFDWHVDQDGHTXDWHVLJQDO7KLVPRGHOFDQEHXVHGWR
QDYLJDWHWKHGHVLJQVSDFH 7KHGHYHORSHGHPSLULFDOUHODWLRQVKLS FDQEHXVHGHIIHFWLYHO\WRSUHGLFWWKHUHVSRQVH E\
VXEVWLWXWLQJSURFHVV SDUDPHWHUYDOXHVLQFRGHGIRUP %DVHGRQ WKLVHPSLULFDOUHODWLRQVKLSWKHPDLQDQGLQWHUDFWLRQ
HIIHFWV RI WKH SURFHVV SDUDPHWHUV RQ WKH FRDWLQJ KDUGQHVV ZDV FRPSXWHG DQG SORWWHG LQ WKH IRUP RI UHVSRQVH
VXUIDFHVDVVKRZQLQ)LJ
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GHJUHHVRIIUHHGRP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35(66 ( $GHT3UHFLVLRQ  SSUREDELOLW\
 (IIHFWRIR[\JHQIORZUDWH RQFRDWLQJKDUGQHVV
7KH HIIHFWRIR[\JHQJDVIORZUDWHRQKDUGQHVVLVLOOXVWUDWHGLQWKH)LJD  H7KXVFRQGLWLRQVIRUVSUD\LQJ
SDUWLFOHVDWDQH[DFWWHPSHUDWXUHDQGYHORFLW\PD\EHREWDLQHGE\FDUHIXOO\UHJXODWLQJERWKWKHR[\JHQDQGWKHIXHO
IORZUDWHV7KHFRDWLQJVVSUD\HGXQGHURSWLPDOR[\JHQJDVIORZRSWLPXPYHORFLW\DQGHQWKDOS\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KLJK KDUGQHVV FRPSDUHG ZLWK WKH ORZ DQG KLJK IORZ UDWH FDVHV %RWK WKH ORZ DQG WKH KLJK SULPDU\ JDV IORZ
FRQGLWLRQV OHDG WR VKRUWHU IOLJKW WLPHVZKLFKPLQLPL]H WKH IODPHSDUWLFOH LQWHUDFWLRQ WLPH 0XKDPHG$VKDUDIDQG
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RIWKHFRDWLQJVDUHGLVSOD\HGLQWKH)LJE G 	 I$VSHUWKHH[SHULPHQWDOUHVXOWDWWKHRSWLPXPFRQGLWLRQORZ
SRURVLW\DQGKLJKHUKDUGQHVVFRDWLQJLVDFKLHYHG
+RZHYHUWKHJUHDWHUWKHQXPEHURISDUWLFOHVLQWKHIODPHWKHJUHDWHUWKHGHYLDWLRQ IURPWKHVSUD\LQJD[LVZLOOEH
GXH WR D FKDQJH LQ WKH SRZGHU LQOHW FRQGLWLRQV DQG WR DQ LQFUHDVH LQ WKH RSSRUWXQLWLHV IRU SDUWLFOH FROOLVLRQV WKDW
FKDQJH WKH WUDMHFWRULHV RI WKH FROOLGLQJ SDUWLFOHV 6WHZDUW HW DO   +RZHYHU WKH LQIOLJKW SURFHVVLQJ RI WKH
SRZGHUV WR SURGXFH +92)VSUD\HG FRDWLQJV PXVW EH SHUIRUPHG XQGHU KLJK ORDGLQJ FRQGLWLRQV WR DOORZ IRU DQ
HIILFLHQWXVHRIWKHWKHUPDOHQHUJ\VWRUHGLQWKHIODPH RQH[FHHGLQJDFHUWDLQFULWLFDORSWLPDOORDGLQJ
 (IIHFWRI VWDQGRIIGLVWDQFH RQFRDWLQJKDUGQHVV
7KH VWDQGRII GLVWDQFH EHWZHHQ JXQ DQG VXEVWUDWH LV DQ LPSRUWDQW YDULDEOH LQ GHWHUPLQLQJ WKH TXDOLW\ RI WKH
FRDWLQJV VLQFH ERWK IDFWRUV DUH FORVHO\ UHODWHG ZLWK WKH ORVV RI NLQHWLF HQHUJ\ GXULQJ IOLJKW DQG WKH SDUWLFOH
WHPSHUDWXUH DW LPSDFW :DQJ HW DO  7KH HIIHFW RI VWDQGRII GLVWDQFH RQ WKH UHVSRQVHV RI WKH FRDWLQJV LV
GLVSOD\HG LQ WKH )LJ FH 6XEVWUDWH SODFHG DW VKRUWHU VSUD\ GLVWDQFH WHQGV WR EH RYHUKHDWHG DQG LQFUHDVH WKH
R[LGDWLRQ LQ WKH GHSRVLW 7KH R[\JHQ FRQWHQW UHGXFHG URXJKO\ D WKLUG EHFDXVH WKH KRW FRPEXVWLRQ JDVHV LQFUHDVH
R[LGDWLRQ E\ DWPRVSKHULF R[\JHQ HQWUDLQLQJ WKH IODPH MHW DQG EORZLQJ RQWR WKH KRW VXUIDFH ZKHQ FORVH HQRXJK
/RZHULQJ VSUD\ GLVWDQFH ILUVWO\ LQFUHDVHV GHSRVLWLRQ UDWH EXW SUREOHPV DSSHDU E\ VWURQJO\ LQFUHDVLQJ KHDW ORDG
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)LJDI 'UHVSRQVHVXUIDFHVKRZVWKHVLJQLILFDQWHIIHFWRISURFHVVSDUDPHWHURQ FRDWLQJ KDUGQHVV
UHVXOWVLQVPDOOHUSDUWLFOHVYHORFLW\WRZDUGWKHVXEVWUDWHSURGXFLQJFRDWLQJVZLWKORZHUGHQVLW\ 9DOHQWH HWDO
$W ODUJH VSUD\ GLVWDQFH FRDWLQJ FRPSDFW LV UHGXFHG DQG KDUGQHVV VLJQLILFDQWO\ UHGXFHV GXH WR D UHGXFHG SDUWLFOH





 (IIHFWRI IXHOIORZUDWH RQFRDWLQJKDUGQHVV
9DU\LQJWKHIXHOIORZUDWHDIIHFWVWKH.LQHWLFDQGWKHUPDOHQHUJ\WUDQVIHUUHGWRWKHSDUWLFOHVZKLFKLQWXUQDIIHFWV
WKHSDUWLFOHYHORFLW\DQGWKHWHPSHUDWXUH7KH HIIHFWVRIIXHOIORZUDWHRQWKHUHVSRQVHWKHFRDWLQJDUH GLVSOD\HGLQ





LQFUHDVH WKH URXJKQHVVRI WKHFRDWLQJDQGZLOO ORZHU WKHYDOXHVRIKDUGQHVVEHFDXVHRI ORZSDUWLFOHFRKHVLRQ$Q
LQFUHDVHLQSRURVLW\ZLOOORZHUWKHFRDWLQJVWLIIQHVVSURGXFLQJDGHFUHDVHLQWKHYDOXHV RIKDUGQHVV
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)LJD&RUUHODWLRQJUDSKEHWZHHQ([SHULPHQWDODQG3UHGLFWHGFRDWLQJKDUGQHVVE 6(0PLFURJUDSKVKRZVFRDWLQJ GHYHORSHG
DWVSUD\FRQGLWLRQQR
)XUWKHU WKHKDUGQHVVRIWKH ORZSRURVLW\FRDWLQJ LVWZRWRWKUHHWLPHVKLJKHUWKDQWKDWRIWKHVXEVWUDWHPDWHULDO
QDYDOEUDVV+Y7KH PLFURVWUXFWXUHRIFRDWLQJFURVVVHFWLRQLV VKRZQLQWKHILJE H[KLELWVQHDU SRUHIUHH
VWUXFWXUH 0XUXJDQ HWDO 
&RQFOXVLRQV
7KHHIIHFWVRI+92) VSUD\SDUDPHWHUV 2[\JHQIORZUDWHVWDQGRIIGLVWDQFHSRZGHUIHHGUDWHDQGIXHOIORZ
UDWHRQWKH FRDWLQJ KDUGQHVVZHUHLQYHVWLJDWHG XVLQJ560













$O)DGKOL +<6WRNHV -+DVKPL 06- <LOEDV %6 7KHHURVLRQ±FRUURVLRQEHKDYLRXURIKLJKYHORFLW\R[\IXHO+92)WKHUPDOO\VSUD\HG
,QFRQHO  FRDWLQJVRQGLIIHUHQWPHWDOOLFVXUIDFHV 6XUIDFHDQG &RDWLQJV 7HFKQRORJ\±
$Z 3. 7DQ %+ 6WXG\RIPLFURVWUXFWXUHSKDVHDQGPLFURKDUGQHVVGLVWULEXWLRQRI+92)VSUD\HGPXOWLPRGDOVWUXFWXUHGDQG
FRQYHQWLRQDO:&±&R FRDWLQJV -RXUQDO RI0DWHULDO 3URFHVVLQJ 7HFKQRORJ\  ±
+D]RRU6 6LGKX%XWD66LGKX3UDNDVK6  :HDUFKDUDFWHULVWLFVRI&U&±1L&UDQG:&±&RFRDWLQJVGHSRVLWHGE\/3*IXHOHG+92)
7ULERORJ\,QHUQDWLRQDO  ̢
.DUWKLNH\DQ6%DODVXEUDPDQLDQ95DMHQGUDQ5 'HYHORSLQJHPSLULFDOUHODWLRQVKLSVWRHVWLPDWHSRURVLW\DQGPLFURKDUGQHVV RI SODVPD
VSUD\HG<6=FRDWLQJV &HUDPLFV,QWHUQDWLRQDO  ±
/LGRQJ=KDR0DWWKLDV0DXUHU)DONR)LVFKHU5REHUW'LFNV (ULFK/XJVFKHLGHU ,QIOXHQFHRIVSUD\SDUDPHWHUVRQWKHSDUWLFOHLQIOLJKW
SURSHUWLHVDQGWKHSURSHUWLHVRI+92)FRDWLQJRI:&&R&U :HDU ±




0XUXJDQ .5DJXSDWK\ $ %DODVXEUDPDQLDQ 96ULGKDU.  2SWLPL]LQJ+92)VSUD\SDUDPHWHUVWRDWWDLQPLQSRURVLW\LQ:&&R&U
&RDWLQJVIRU1DYDODSSOLFDWLRQV LQSURFHHGLQJV+HDWWUHDWPHQWDQG6XUIDFH(QJLQHHULQJ$60&KHQQDL3
ED
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5DVWHJDU)5LFKDUGVRQ'( $OWHUQDWLYH WRFKURPH+92)FHUPHWFRDWLQJVIRUKLJKKRUVHSRZHUGLHVHOHQJLQHV 6XUIDFHDQG&RDWLQJ
7HFKQRORJ\  ±
5HSODFHPHQWRIFKURPLXPSODWLQJDYDLODEOHIURPKWWSZZZVXO]HUPHWFRFRP0DUFK
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